MEASUREMENTS of cerebral blood flow
and metabolism in subjects with congestive heart failure have yielded conflicting results.13 Scheinberg1 compared the values in 14 persons with congestive heart failure of unstated severity with those in normal young men and concluded that cerebral blood flow was significantly decreased in subjects with cardiac decompensation. Novak and co-workers,2 on the other hand, compared their findings in 15 decompensated cardiac patients with the values in a "similar arteriosclerotic group " and concluded that the cerebral eireulation was not affected by the congestive state. In 20 hypertensive individuals with congestive heart failure Moyer and associates3 found no significant diminution in cerebral perfusion, nor was there any significant change following treatment; cerebral blood flow, however, was apparently diminished in 6 subjects with valvular heart disease and congestive failure. In addition, Moyer's group4 reported that the administration of aminophylline to persons with congestive heart failure resulted in a decline in cerebral blood flow.
In an attempt to resolve the existing confusion, the present study was undertaken. The design of the study permits comparison of cerebral blood flow in 2 types of patients with cardiac decompensation: those with mild forms and those with severe congestive failure. In addition, many patients were studied prior to treatment and again after compensation had been achieved. This experimental design was promnpted by prelimninary observa-From the Medical Service, Veterans Administration Hospital, Dallas, Texas, and the Department of Internal Medicine, The University of Texas Southwestern Medical School, Dallas, Tex. tions suggesting that alterations in cerebral hemodynamics and metabolism were largely contingent upon the severity of the congestive state.
Materials and Methods Thirty-seven men with congestive heart failure were studied. In every instance the diagnosis of congestive heart failure was established by the classical clinical configuration of breathlessness, edema, cardiomegaly, hepatomegaly, and venous distention. Persons with significant pulmonary disease, primary renal disease, anemia, or obvious cerebral arteriosclerosis were excluded from the study. The patients were studied in the recumbent posture, although the presence of orthopnea occasionally necessitated slight elevation of the head. In 14 sabjects measurements were again made after compensation had been achieved. Therapy included digitalis, sodium restriction, and diuretic measures when necessary.
The patients have been classified according to the severity of the congestive state. For the majority of the subjects with mild to moderate failure this represented the first episode of cardiac decompensation. Edema was present in all patients, but the amount in these patients was modest in contrast to the massive anasarca of most severe cardiac patients. Only minimal cardiac enlargement was present in most of these patients and heart size tended to return to or toward normal following therapy. The response to digitalis and sodiuni restriction alone was prompt and gratifying in most instances; several of the patients were given diuretic agents to hasten the delivery of their edema but none required these agents to remain edema-free after compensation had been achieved. Individuals with severe congestive failure, on the other hand, had had repeated episodes of decompensation for a protracted period. The magnitude of cardiac enlargement was considerably greater than in the milder cardiac subjects, and the reduction in cardiac size following treatment was minimal in most instances. Rigid sodium restriction and frequently administered diuretic Circulation, Volume XXI, May 19 60 697 agents were necessary to free these patients from edema; moreover, once optimumii compensation had been achieved, all these patients required periodic diuretic therapy to remain edema-free. Dyspneua on exertion persisted in the majority of these subjects despite treatment, whereas patients with only mild decompensation were essentially symptom-free with moderate activity once compensation had been restored. All of the patients were lucid. Cerebral blood flow was determined by the nitrous oxide method of Kety and Schmidt,5 as modified by Scheinberg and Stead.6 The analytic methods employed have been described in a previous report.7 Cerebral oxygen consumption was calculated fromii the arterio-cerebral venous oxyg-en difference and cerebral blood flow. Cerebral vascular resistance was calculated from the cerebral blood flow and the miean arterial blood pressure. The latter was measured directly fromn a peripheral artery by a damped mercurv manometer. Arterial blood samples for pH determination were drawn anaerobically and the pH was imiediatelv determined at 37 C. by means of a Cambridge Research Model pH Meter. Carbon dioxide tenision was calculated from the nomnogramii of Singer and Hastings.8
Results
The results in patients with congestive heart failure of mild to moderate severity are presented in tables 1 and 2 and those in persons with severe failure in tables 3 and 4. The 14 subjects who were studied prior to treatment and after optimal eompensation was achieved are appropriately indicated. In table 1 are presented normal values for cerebral hemodynamic and metabolic functions iil elderly subjects; these are mean values from the laboratories of the inidicated investigators. The mean age in most of these studies was considerably greater than that of the subjects comprising the present report; therefore, the results in the present study have not been compared statistically with these " inormal values. " Cerebral blood flow was signifieaiitly decreased (39 ml. per minute per 100 Gm.) in persons with severe congestive heart failure but was "normal" (51 ml. per minute per 100 Gm.) in the group with mild to moderate decompensation. The mean arterial blood pressure was 21 mm. greater (p<.05) in the group with mild to moderate failure. The cerebral oxygen consumption was 3.8 ml. per niinute per 100 Gm. in the milder cardiac subjects as eompared with 3.24 ml. in the group with severe decompensation. Although this differenee was statistically significant, (p <.02) both values were "normal"' or slightly inereased for people in this age group. [9] [10] [11] [12] In 10 persons with mild to nmoderate cardiac decomnpensation, relief of the congestive state was associated with a significant (p<.01) deeline in cerebral blood flow. Mean arterial blood pressure also deereased significantly-(p<.02); cerebral vascular resistacee, on the other hand, remained unchanged. Cerebral oxygeni consumption decreased slightly, but this change was not significant. In addition, arterial oxygen content inereased significantly (p <.01) following treatmneiit as did venous carbon dioxide content. Only 4 patieiits with severe eongestive heart failure were studied following treatmnent; significant heinodynaimiie alterations were niot apparent from this meager sani ple.
Discussion The riesults of this study dlearly demaonstrate that conlgestive heart failure is associated with significaint cerebral hemodynamnic alterations. The earliest anld most consistent abnormality in these patients was a significant inerease in cerebral vascular resistanee. Cerebral blood flow, on the other hand, was apparently mnaintaine(l at lnormal levels in the face of this inereased resistaniee unitil severe conigestive failurie supervened, whereupon cerebral blood flow decreased significantly. This reductiotn in blood flow with worsening decompensationi was not accomnpanied by further ilnerements in vaseular resistance but was associated with a signifieantly lower mean arterial blood pressure.
Cerebral vaseular tone is largely governed by changes in the gaseous composition or acidbase equilibrium of arterial blood. As cerebral vasoconstrictioli occurred in these individuals in the absenee of suclh chaniges, it seemus likely that the increase in resistance in these vessels was the result of hemodynamic alterationis secondary to the supervenitioin of myocardial Circulation, Volume XXI, May 1960 CEREBRAL HEMODYNAMICS AND METABOITSM Table 1 Cerebral Circulatory and Metabolic Functions in Patients with Mild to Moderate Congestive Heart Failure Name Fazekas' 10 Fazekas' failure. It is conceivable, of course, that venous hypertension and cerebral congestioul could have contributed to the total resistance to blood flow in the brain. The intense cerebral edema associated with superior vena Circulation, Volume XXI, May 1960 eaval obstruction, however, is not accompanied by cerebral heinodynainic changes,13 and the increase in venous pressure under such circumstances is much greater than that encountered in subjects with congestive heart failure. Therefore, regardless of the degree of cerebral congestion, it seems likely that the cerebral blood vessels merely participate in the generalized increase in vascular tone that occurs in persons with cardiac decompensation, the cause of which remains obscure. These data indicate that cerebral blood flow decreases with progressive deterioration of cardiac efficiency. It is conceivable that differences in the etiology of the heart disease in the 2 groups was partially responsible for the difference in cerebral perfusion, as the mild to moderate group included a greater percentage of hypertensive subjects. Moreover, the mean difference in cerebral blood flow between the 2 groups was obviously affected by isolated 4.33 1.744 >.05 extreme values. Regardless of these possible influences and the overlap in values between the 2 groups, the majority of the individual observations tended to justify the conclusion that the decline in cerebral blood flow parallels the increase in severity of the congestive failure. It is not completely clear why blood flow decreases with deterioration. It has been observed that renal14 and hepatic15 perfusion tend to parallel cardiac output in severely decompensated cardiac patients; the decrease in cerebral perfusion with worsening cardiac decompensation is in all likelihood similarly linked with a decline in cardiac output. The significantly lower mean arterial blood pressure in the group with severe decompensation may have reflected a more profoundly decreased cardiac output in these patients; however, this difference in blood pressure was due in large part to the greater number of hypertensive subjects in the group with mild to moderate decompensation. Achievement of optimal compensation was accompanied by a decline in cerebral blood flow in 8 of 15 subjects who were restudied following treatment; the values were essentially unchanged in the remaining 7. Although the mean decline of 8 ml. per 100 Gm. per minute was statistically significant, the data do not clearly establish that relief of the congestive state will be associated in most instances with a decline in cerebral perfusion. Only in patients with mild to moderate decompensation in whom the initial observations were similar to or somewhat greater than Circulation, Volume XXI, May 1960 "normal" was the decrease of significant proportions. The reason for the decline following treatment is obscure. Although changes in carbon dioxide content following treatment were noted, these were poorly correlated with the magnitude of the change in cerebral blood flow. It is conceivable that in these subjects cerebral blood flow decreased as a result of a contraction of the intravascular volume. It has been shown in this laboratory13 that selective expansion of the plasma volume results in an increase in cerebral blood flow; moreover, it is increased in hypervolemic subjects with acute glomerulonephritis and returns to normal following recovery.13 Another possibility is that the therapeutic measures employed exerted an effect on the cerebral circulation similar to that reported with aminophylline in decompensated cardiac patients.4 Otherwise, there is no ready explanatioln for these changes following treatmient. The results in these 37 decompensated cardiac patients indicate that the status of the cerebral circulation in persons with congestive heart failure is chiefly dependent upon the severity of the congestive state. This finding may resolve some of the existing confusion regarding cerebral hemodylnamic alterations in patients with cardiac decompensation.
Blood Constituents in Patients

Conclusions
Cerebral blood flow and mnetabolism were n:ormal in patients with mild to moderate congestive heart failure, although cerebral vascular resistance was significantly incereased.
Cerebral blood flow was significantly reduced in persons with severe congestive heart failure.
Relief of the congestive state was associated with a deeline in cerebral blood flow and meani arterial blood pressure in 10 subjects with mild to moderate congestive failure. Alterations in cerebral blood flow in decomp)ensated cardiac patients are largely dependent upon the severity of the congestive state.
Summario in Interlingua
Le fluxo de san guinie e le metabolismo cerebral esseva normal in patienites con leve o mnocderate grados de conigestive disfallimento cardiac, sed le resistentia cerebro -vascular esseva significativemenite augmentate.
Le fluxo de sanguiine cerebral esseva significativemlenite reducite in subjeetos coin grados sever de congestive disfallimiento cardiac.
Alleviamiiento del stato congestive esseva associate con un deelinio del fluxo de sanguine cerebral e del tensionarterial mnedie in 10 subjectos con leve o moderate grados de disfallimeento cardiac.
Alterationes in le fliixo del sanguine cerebral de patientes a cordes discom-lpensate depende grandemente del grado de severita te del stato congestive. Notwithstanding the brilliant sunshine emanating from the discoverv of auscultation by Laennec,-a discovery, which, according to M. Bertin, "has, in a few years, more completely illumined the diagnosis of the diseases in question, than all the other mlodes of exploration had done for two centuries"; the great body of the profession still deny that the piereing ray has reached its destination, still doubt the utility of auseultation in reference to the primary organ of the circulation, still find the ordinary symptoms beset with their accustomed difficulties, still comiplain, in short, that the obscurity which involves the diseases of which we speak, is scarcely less profound than ever: and, while conflicting opinions are embarrassing the judgment, and undermining the confidence of the patient investigator of truth, there is a general outcry for an additional mass of well attested evidence, which nmay bring the subject to some kind of a conelusion.-J. HOPE, M.D. Diseases of the Heart and Great Vessels. London, William Kidd, 1832, p. 11. Circulation, Volume XXI, May 1960 
